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VKRZHGWKDWWKHWKHUPDOVWDELOLW\RIWKHSRO\HWK\OHQHSLSHVZDVQRWDIIHFWHGE\WKHZHOGLQJ(]ULQ>@IRXQGWKDWWKH
PHFKDQLFDO SURSHUWLHV RI WKH ZHOGHG SRO\HWK\OHQH SLSHV VXFK DV \LHOG VWUHQJWK DQG HORQJDWLRQ DW IUDFWXUH ZHUH
DOPRVWWKHVDPHDVWKHRULJLQDOSLSHV/HH>@LQGLFDWHGWKDWWKHZHOGLQJZDVDQH[FHOOHQWPHWKRGIRUUREXVWMRLQLQJ
IRUKLJKGHQVLW\SRO\HWK\OHQHSLSHVZKHQ WKHSURFHVVFRQGLWLRQVZHUH MXGLFLRXVO\GHVLJQHG/X>@ IRXQG WKDW WKH
HIIHFWRIFRQWDPLQDQWVRI9DVHOLQHDQGJUDSKLWHRQWKHZHOGTXDOLW\ZDVQHJOLJLEOHDWKLJKZHOGSUHVVXUH+RZHYHU





























 NJP DQG  J PLQ UHVSHFWLYHO\ 3LSH MRLQW PDQXIDFWXULQJ XVLQJ EXWW IXVLRQ ZHOGLQJ ZDV FRQGXFWHG
DFFRUGLQJ WR WKH ,62  VWDQGDUG >@ 'HIHFWVZHUH DUWLILFLDOO\ LQVHUWHG DWWKH FHQWHU RI WKH EXWWZHOG VXUIDFH
EHIRUHKHDWLQJIRU IXVLRQ)LJXUHVKRZVWKDWDGHIHFWZDV LQVHUWHG LQWRDSUHYLRXVVKDOORZGULOOLQJGHIHFW ORFDWLRQ
DQG WKHQ WKHSLSHVZHUHZHOGHG WRJHWKHUE\EXWW IXVLRQZHOGLQJ7KHGHIHFWVZHUHPDGHRI VWHHO LQ WZRGLIIHUHQW
JHRPHWULHV LHSODQDUDQGVSKHULFDOGHIHFWV WRVLPXODWH WKHODFNRIERQGLQJGXULQJ WKHZHOGLQJDVVKRZQ LQ)LJ
D$OOGHIHFWVZHUHORFDWHGDWWKHFHQWHURIWKHFURVVVHFWLRQDUHDRIWKHZHOG7KHGLPHQVLRQVRIDOOGHIHFWVDQG
SLSHV DUH VKRZQ LQ 7DEOH  7KH UDWLRV RI WKH GHIHFW VL]H WR WKH SLSH¶V ZDOO WKLFNQHVV ZHUH   DQG 
UHVSHFWLYHO\7KH W\SLFDO WHVW VSHFLPHQVZHUH VKRZQ LQ)LJ7KHZHOGLQJEHDGZDV UHWDLQHG WR VLPXODWH DFWXDO
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 VWDQGDUG >@
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WKH2')DWLJXH WHVWVZHUHSHUIRUPHGXVLQJD WHVWLQJ IUHTXHQF\RI+]ZLWK WKH IRUFHFRQWUROOHGZLWKFRQVWDQW
VLQXVRLGDO IRUFH DPSOLWXGH 7KH PD[LPXP IRUFH RI  .1 FDXVHG  2' FRPSUHVVLRQ GHIRUPDWLRQ RI WKH








































WKH QR GHIHFW VSHFLPHQ DQG WKH GHIHFW VSHFLPHQVZLWK GHIHFW VL]H RI RI WKH WKLFNQHVV DOPRVW KDG WKH VDPH
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LW FDQEH DUJXHG WKDW WKH IDLOXUH RI WKHZHOGHG0'3(SLSH MRLQWV FDQQRW DIIHFWHGE\ D VLQJOH VSKHULFDO RU SODQDU
ZHOGLQJGHIHFWXQGHUWKHSUHVVXUHORDGLQJHYHQZKHQWKHGHIHFWVL]HLVXSWRRIWKHWKLFNQHVV
3.3. There-point bend test 
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3.5. Fatigue test 
7KHIDWLJXHWHVWUHVXOWVDUHVKRZQLQ)LJ7KHSODWHQGLVSODFHPHQWZDVQRUPDOL]HGE\2'PP$V
VKRZQLQ)LJWKHWZRFXUYHVRYHUODSSHGDWWKHEHJLQQLQJRIWKHWHVW+RZHYHUZLWKLQFUHDVHVLQWKHIDWLJXHF\FOH
WKHFXUYHRI WKHQRGHIHFW VSHFLPHQGHFUHDVHGVORZO\ WR WKH ILUVW ORZHVWYDOXH$IWHU WKDW WKHFXUYHGHFUHDVHG LQ
ZDYHVZLWKIXUWKHULQFUHDVHVLQWKHF\FOH7KHFXUYHRIWKHVSKHULFDOGHIHFWVSHFLPHQZLWKGHIHFWVL]HRIRIWKH
WKLFNQHVVGHFUHDVHGIDVWHUDQGWRD OHVVHUGHJUHHWKDQGLGWKHFXUYHRI WKHQRGHIHFWVSHFLPHQZLWKLQFUHDVHVLQWKH









3.6. Fracture test 













































7KH PHDVXUHG ORDGGLVSODFHPHQW FXUYHV IRU DOO VSHFLPHQV DUH VKRZQ LQ )LJ  D ,Q WKHVH WHVWV WKH FUDFN
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ZKHUHWKHQRQGLPHQVLRQDOFRHIILFLHQWVRIȟ±ȟDUHGHSHQGHQWRQWKHSDUDPHWHUVRInDQGH/W(TLVYDOLGIRU
aW(YHQWKRXJK3DUHGHV>@VKRZHGWKDWWKHȘSOVKRXOGEHPRGLILHGIRUZHOGFUDFNVWKHHIIHFWRIWKHZHOG
]RQH RQ WKHȘSOZDV QRW FRQVLGHUHG LQ WKLV SDSHU 7KH FDOFXODWHGJPD[ DUH VKRZQ LQ)LJ  E 7KH JPD[ZDV QRW
FDOFXODWHGIRUaW EHFDXVHWKHȘSOFRXOGQRWEHFDOFXODWHGE\(T)LJXUHEVKRZVWKDW WKHJPD[DOPRVW
LQFUHDVHGOLQHDUO\ZLWKLQFUHDVHVLQWKHFUDFNUDWLRIURPWR
,QFRQFOXVLRQ WKH WHQVLRQ WHVWEXUVW WHVW WKUHHSRLQWEHQG WHVWFUXVK WHVWDQGIDWLJXH WHVWDUHVKRUWWHUP WHVWV
7KH\FDQRQO\WHVWWKHVKRUWWHUPPHFKDQLFDOSHUIRUPDQFHRI0'3(SLSHV%DVHGRQWKHUHVXOWVRIWKHVHWHVWVLWLV
DUJXHGWKDWLIWKHUHLVQRIDWLJXHORDGLQJDVLQJOHZHOGLQJGHIHFWZLWKDPD[LPXPVL]HWKDWLVOHVVWKDQRIWKH
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SLSH¶VZDOO WKLFNQHVVFDQQRWLQFUHDVHWKHIDLOXUHRI WKHEXWWIXVLRQZHOGHG0'3(SLSHMRLQWVXQGHU WKHVKRUWWHUP
XVDJHUHJDUGOHVVRIWKHGHIHFWJHRPHWU\RWKHUZLVHWKHGHIHFWFDQVLJQLILFDQWO\LQFUHDVHWKHIDLOXUHRIWKHMRLQWV
 7KH IDWLJXH WHVW VKRZHG WKDW WKH IDWLJXH SHUIRUPDQFH RI WKH EXWW IXVLRQ ZHOGHG 0'3( SLSH MRLQWVZDV
VLJQLILFDQWO\ UHGXFHG E\ D VLQJOH VSKHULFDO ZHOGLQJ GHIHFW HYHQ WKRXJK WKH GHIHFW VL]H ZDV RQO\  RI WKH
WKLFNQHVV6LQFHWKHORQJWHUPPHFKDQLFDOSHUIRUPDQFHRISRO\HWK\OHQHSLSHVFDQEHSUHGLFWHGE\WKHIDWLJXHWHVWLW
LVDUJXHGWKDWDVLQJOHZHOGLQJGHIHFWFDQVLJQLILFDQWO\LQFUHDVHWKHIDLOXUHRIWKHMRLQWVXQGHUWKHORQJWHUPXVDJH
 7KH IUDFWXUH WHVW LQGLFDWHG WKDW WKH JLQWHJUDO DW WKHPD[LPXP DSSOLHG ORDG DOPRVW LQFUHDVHG OLQHDUO\ ZLWK
LQFUHDVHVLQWKHFUDFNUDWLRIURPWR
$FNQRZOHGJHPHQWV





























>@ & 5XJJLHUL )XUWKHU UHVXOWV LQ - DQG &72' HVWLPDWLRQ SURFHGXUHV IRU 6(7 IUDFWXUH VSHFLPHQV ± 3DUW , +RPRJHQHRXV PDWHULDOV
(QJ)UDFW0HFK±
>@ 03DUHGHV &5XJJLHUL )XUWKHU UHVXOWV LQ - DQG&72' HVWLPDWLRQ SURFHGXUHV IRU 6(7 IUDFWXUH VSHFLPHQV ± 3DUW ,,:HOG FHQWHUOLQH
FUDFNV(QJ)UDFW0HFK±
>@ 03DUVRQV(96WHSDQRY$+LOWQHU(%DUH&RUUHODWLRQRIIDWLJXHDQGFUHHSVORZFUDFNJURZWKLQDPHGLXPGHQVLW\SRO\HWK\OHQHSLSH
PDWHULDO-0DWHU6FL
>@ 03DUVRQV(96WHSDQRY$+LOWQHU(%DUH&RUUHODWLRQRIVWHSZLVHIDWLJXHDQGFUHHSVORZFUDFNJURZWKLQKLJKGHQVLW\SRO\HWK\OHQH
-0DWHU6FL
